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SUMMARY

The serodynamic characteristics of three sets of blades were
investigated over as wldse. a range of operating conditions as possible.
One set of blades, conventional 1n deslgn, was compared wlth a second
set, which differed principally In that the blades embodled sweep, and
with a nonswept set having thinner blade sections. Ths test condlitions
did not duplicate the blade design condltions slthough the actusl thrust

losdings were very nearly those for the design condition of the ceonventional

gtraight blades but not for the sweptback blades.

) The sweptback blades were in general Inferlor to the straight blades;
however, the test Mach numbers were Insufflclently high to encompass the
speeds for which sweepback is belleved to be beneflicial. The envelope
efficiency of the straight thin blades was as much as 2.5 percent higher
than for the other sete of blades and the effect of rotational speed on
the thin bledes was negligible.

INTRODUCTION

The design of propeller blades for high—speed, especlally transonic—
speed, operatlion is hampered by a lack of asdeguate alrfoll-section deta.
Likewise, the testing of such bladss, Including those wlth sweepback, 1s
hampered by lack of suitable facilitles for testing at the necesserily
high speeds which duplication of design conditione requires. Wind—tunnel
tests reported previously have Indicated varying amounts of beneflt from
sweep, but none of these tests approached actual full-—scale flight
conditions. References 1 and 2, for instance, employed blades of small

scale, approximately 3% feet and 1 foot in diameter, respectively. The

tests of reference 3 employed a 10—foot—dlasmeter propeller, but only the
immediate tlp sections of the blades were swept back.

Flight tests of several full-scale three—blade propellers embodying

both sweptback and releted conventlonal blades of Curtiss deslgn have
beeh conducted by Curtiss Propeller Division, Curtiss-Wright Corporation.
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No concluasive evidence was obtained in these flight tests to establish
any deflnite proof of superlority for the sweptback blades.

The flight tests were followed by a wind—tummel progrem at the
Langley 16~foot high—speed tunnel employing the ldentical blades in
a two—blade version. Two propellers, approximately 13 feet in dlameter,
whose blades differed in that one palr employed esweep, Were compared
with a third pair of the same diameter also with straight blades but
differing in sectlon thickness and gectlion design 1ift coefficlents
from the first stralght-blade propeller. Nelther the design conditions
nor the flight—test condlitions could be duplicated in the wind tunmel.
It was hoped, however, that for the possible test conditions definite
eerodynemic trends could be estsblished. In additlon, the actusl blade
loeding was to be measured by means of & propeller-wake survey rake.

APPARATUS

Dynemopeter.— The teste described 1n the present paper were con—
ducted in the Lengley 16—foot high—speed tunnel using the 2000-horsepower—
propeller dynamometer in a modifled configuration. No splnner was used
to cover the hub and blade sharks for these teste. The resultling arrange—
nment, therefore, was similar to that used 1n reference 3. Filgure 1 shows
e general view of the test setup wilth the sweptback blades installed.

Propeller blades.— Three sets of blades, each embodying l6—series

sections, were tested in two-blade configurations. The geometric
charecteristics of theme three Curtlss Propeller Company designs are

shown in figure 2. Throughout this report each set of blades will be
identified by Roman numerals. The sweptback blades, Curtiss design 109L4SL,
designated set I, which are fully described in reference 4, have essentlally
the same section thickness ratios, width ratlos, and design 11ft coef-—
flcients perpendlculer to the blade center line as the straight—blede
Curtiss design 109390, herelnafter referred to as set IIL. The bladea of

set ITI were designed for a high—speed flight condition of the XP-47M gir—
plane, whereas those of set I were desligned for a hlgh—speed dive, condition
of the P47D-30 airplane. This airplane was equipped with an R-2800-59 engine
having a 0.5 gear ratio. The 1temized dive conditions are 600 miles per hour
at 2100 breke horsepower, 2550 engine rpm, and 23,000—foot altitude. The
amount of sweep incorporeted in thils blade is shown In figure 3. A certailn
emount of sweepforward 1le incorporated on the inner blade sections to balance
the bending moments lncurred by the sweepback of the outer blade sections.
Sweep angles exceed 30° only outboard of the 90—percent—radius statlon

and are only U45° at the tip. As mentioned in reference 4 the sweepback
distribution was purely arbiltrary and was a compromlise required by the con—
plderations of the effect of gweepback on aerodynamic Ilmprovements, blade
stress, twisting moment, and bending moments. Somewhat less twist has been
incorporated 1n the blades of set I for sectioms less than 50 percent radius
end somewhat more twist at grester radil than has been incorporated in the
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blades of set II. This twlst differs because not only were the design con—
ditions of the two blades slightly different, but also the pitch distribu—
tion of the sweptback blades is affected by the incorporstlion of sweep and
the necessary allowasnces for the differences in sectlonal velocities from
thoge of unswept blades.

The thin straight blades, Curtiss design 109498, designated as set ITI,
have considerably thimmer blade sectlons throughout. The gections are
5 percent thick or less fram the 50—percent—radius station cutboard as
compared with about T percent for the blades of sets I end IT. The design
11t coefficlent for this set has been reduced as well. The maximum
design 1ift coefficilent is 0.L41 compared with 0.51 for the other two sets
of blades.

SYMBOLS

The symbols and definitions used in the present paper are as follows:

b blade chord, feet

cy a design se;:'bion 1ift coefflclent

Cp power coefficient (P/pn.3D5)

Cp thrust coefficlent (‘JJ/[:::LEZD}+ orJI Crp* d.x)

Cp! blade—section thrust coefficient i
D propeller dismeter (approx. 13 ft)

h blade—section msxImm thlckness, feet

J advance ratio (V/uD)

M v free—sgtreem Mach number

M helical—tip Mach niumber (M [/ 1+ (%)2>

n propeller rotational speed, rps

P power gbsorbed by propeller, foot—pounds per second
T propeller thrust, pounds

<

free—gtream alrgpeed, feet per second

x fraction of propeller—tip radius
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B blade angle, degrees

Byp blade angle at the 42—inch radius, degrees
M efflclency

o) mass density of air, slugs per cubic foot

TESTS AND METHODS

Scope.— The three sets of blades were tested over as great a range
a8 pospible wilthin the power and speed limitations of the dynamometer
and the wind tunnel. All teste were made at consteant propeller speed
for three rotational speeds: 960, 1350, and 1500 rpm. All blede angles
were get at the 42—inch radius and the tests at each rotational speed
were made in 5° increments through as wilde a range of blale angles as
possible. A gpummary of the teste is made in table I.

Effects of dlameter.—~ The sweptback blades, set I, changed diameter
wlth blade angle — decreasing blade angle resulted In increasing dismeter.
The change in diameter for the blade—angle range of these tests was only
0.07 feet, or 0.5 percent. Thils characteristic was accounted for in the
evalugtion of the date throughout the tests by the use of the actual
diameter at each blade angle.

Correction for tummel interference.— All veloclty data are for

equivalent free—stream alrspeed. The large ratic of propeller-disk
area to tunnelythroat ares necessitated relatively large correction to
the velocity, but it was assumed that Glauert'!s method of correction
from tunnel datum to equivalent free—atream veloclity was still velid.
The blede tips were operaiting well outslide the boundsry lsyer which has
been found to be 8 inches thick at the propeller plane.

Eveluation of tares.— As mentioned previously, no splmner wes used
to cover the hub and blade shanks for these tests and, thereforgq, careful
evaluation of the tare drag was necessitated. Figure 4 shows a clomse—up
of the hub tare setup. For the blede angles and rotational speede employed
it was evident that the bracelets used +to clemp the blede shanks In the hub
adapbers acted sufficlently llke small though inefficilent airfolls to cause
.appreciable changes in the tare thrust or drag. Separste tares were
required for each blade angle. The changes in torgue caused by the action
of these brecelets was Inconsiptent and negligible.

By proper evalustion of the tares, "propeller" efficiency rather than
"propulsive" efficilency was derived from the data. Reduction of the force
dats to this form was necesmary in order to compare the force dats wlth
survey—rake data which naturally are “propeller™ data. Actually the
results will differ from propeller results, because the drag of hub barrels



NACA RM No. I8H19 5

containing stub blade ends (fig. L4) has been assumed to be the same as for
hub berrels containing blades. Thils assumption is not strictly true, dut
it was believed to be sufficlently accurate for the present tests.

Survey reke.— The propeller—wske survey reke used in these tests was
installed in a vertical position with the tube orifices 16 inches down—
stream of the propeller~hub center llne. There were 12 total tubes and
L statlic tubes located within the propeller slipstream and 1 total tube
and 1 static tube were outside the propeller slipstresm. The total heads
also incorporated yaw tubes which were intended for determination of
torque data. It was found that the characterlstics of these yaw heads
in the oscillating flow behind the propeller were not sufficiently good
to give satisfactory results, especlally at the higher test Mach numbers.
Therefore, only results of the thrust distrlbutlon as obtalned from the
totel heads are presented in this paper. The values of propeller thrust
cocefficient are obtained 1n the usual manner by iIntegration of the plots
of sectlon thrust coefficlent sgeinet radliel tube locatlon.

RESULTS

General aerodynsmic cheracterilstics — force data.— Thrust coefficlent,
power coefficlent, and efflclency comprise the aerodynsmic-—characteristic
curves presented in figures 5 to 13. (Any figures desired may readily be
selected by reference to table I.)

The envelopes of the efficlency curves are compared in figure 1k
for each propeller at the three rotatlonal speeds. Figure 14 shows
that the sweptback propeller, set I, was most affected by lncreassed
rotational speed and the thin-blade propeller, set ITI, was least affected.
The equiyalent tip Mach number for each rotetlonsl speed and advance ratio
may be determined from figure 15. An average dlameter for the blades of
get I wae used in the preparation of this filgure but the error thus intro—
duced 1s well wlthin the accursascy for determinetion of wind—tunnel Mach
number. The maximum tip Mach nunmber for which envelope comparisons msy be
made is exactly 1.0. Figure 16 repeats the curves for figure 1k by
directly compering the three sets of blades at sach of the three rotational
gpeeds. In general, the sweptback blades, set I, have the poorest efficien—
cles and the thimmer blades, get ITL, the best efficiencles. The maximm
difference between any of the three envelope efficiencies 1is about 232- yercent.
This latter difference occurs even at 1500 rpm at a valus of J correspond—
ing to the tip Mach number of 1.0.

Thege results are as lnconcluslive in regards to the benefits of sweep—
back as were the Curtiss flight tests, reference 5. In general, the trends
Indicated in the flight teste have been repeated in the wind—tunnel tests
although the actual flight—teat conditions could not be duplicated. The
general conclusions that may be drawn fram these results are that the test
Mach numbers were lnsufficlently high to include the speed range for which
sweepback 1s believed to be of bemeflit, and that other factors, such as
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propeller operation awey from the deslign conditions and too large blade
thickness, may have affected the results. There is no question, however,
thaet the effect of thin sections, as has been demonstrated many times
previocusly, i1s beneficial.

General aerodynamic characteristice — survey data.— The integrated
valuea of thrust coefficlent obtalned from the raske total-head tubes are
compared with falred force datae in figures 6(b), 9{b), and 12(b). The
agreement may be conasldered very good. As mentioned ebove, the sgreement
for the Integrated torque data was nét as good and, because of dlscrepancies
at higher Mach numbers, the dete have not been presented.

Plots of section thrust coefficlent obtgined from the survey rake
and force—data power coefficlent are pregented in figures 17 to 19 for
1350 rpm only. TFrom these plots compearisone of thrust loading curves may
be plotted for ldenticel conditions for all three propellers within the
limited range of the tests. This hes been done for two partlcular cases
in figure 20. Figure 20(a) compares the three propellers for a "climb"
condition, J = 0.9 eand Cp = 0.06, which represents the lowest values
of J and Cp for which comparisons may be made from these test data,
and figure 20(b) compares the propellers for & "cruising”" conditilon,
Jd =1.2 and Cp = 0.07, which represents the largest values of J
end Cp for which comparisons msy be made from these data. The tip Mach
numbers for the two conditions were 0.85 and 0.87, respectively. There
is little difference in thrust distrlbutlon between the blades of sets IT
and III, but the sweptback blasdes, set I, appear +to be more lightly loaded
from x = 0.55 to 0.95 and more highly loaded towards the tlp. The latter
condltion should have beneflted the sweptback blades had the test conditions
been at a sufficlently high Mach number. The actual deslign conditlons of
the sweptback bledes result in a value of tip Mach number of 1,203, J = 3.19,
and Cp = 0.285.

The Integrated values of the sectlon thrust distribution shown in
flgure 20(Db) should bear the same qualitative relation to each other as was
ghown by the envelope curves of figure 16 at the same value of J. Figure 16
indicates that at J = 1.2 +the blades of set ITI have the highest efflclency
and the blades of set I the lowest. In figure 20(b) the blades of set I have
the lowest Integrated velue of Cp, or efficlency, the other two blades
have essentlally the same values of Cp. The dlscrepency mey be ascribed to
the necesgery falring of both the elemental thrust coefficlients snd force
power coefficlents in figures 17 to 19, from which the thrust distributions
of figure 20 were derived.

The test conditions were go far from actual flight and design conditionsa
that the results have been compered wlth the design condition for the blades
of sets T and II in figure 21. The calculated deslign thrust loadings are
obtalned from reference 4. All curves have been adjusted so that the maxl-—
mum sectlon thrusts are equal. Inepection of the curves affords a qualitative
comparison of the radial section thrust distribution. The stralght blades,
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set II, were gpparently operating close to the design thrust loading
(fig. 21(a)). The sweptback blades, set I, were operating far from the
design thrust loasding condition (fig. El(bs) . Although the curves have
not been adjusted to have the same Integrated value of thrust, 1t is
obvious that in the test condition the immer blade sectlons were more
heavily loaded and the tip sections were legs heavilly loaded than was the
cage for the design condition. Because the deslgn loading was derived
from & Betz loading condition snd because the Ilmmediate tip sectlons

(x = 0.9 to tip} incorporated the main portion of the blade sweep, it is
not surprising thaet the sweptback blade had Inferilor charascteristics when
compared with bledes which were operating nearer to thelr design condl-—
tions.

CONCLUSIONS ¢

The followlng conclugions may be drawn for the partlculer blades
tested within the limited range of speed and power of these tests which
did not include the flight—test or design conditions:

1. The sweptback blades were in genersl 1inferilor to the siralght
blades; however, the test Mach numbers were insufficlently high to
encompesgs the gpeeds for which asweepback 1s believed to be beneficial.

2. The envelope efflciency of the stralght thin blades wes as much
a8 2.5 percent higher than for the other sets of blades and the effect
of rotational speed on the thin blades was negligible.

Langley Aercnautical Laboratory
Nationsl Advigory Commlttee for Aeronsutics

Langley Field, Va.
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TABLE I
SUMMARY OF TESTS
. Propeller
Figure | Blades speed Blede angle, B, at 42-inch radius
: (rpm) _ (deg)
5 Set I 960 20 | 251 30|35 |4 |45] 5055 |60
6 Set I 1350 25|30} 35 |40 |45 50| 55
T Set I 1500 20} 25| 30| 35 |40 14| 50
8 Set IT 960 20| 25| 30| 35 | 40 |45 50 | 55 | 60
9 Set II 1350 201 25| 30|35 |40 |45 ] 50
10 Set IT 1500 20| 251 30| 35 | 40 | 45
11 Set IIT 960 20| 25 | 30| 35 |0 |45 50 [ 55 | 60
12 Set ITT 1350 20| 25 | 30| 35 | vo | 45| 50
13 Set ITT 1500 20| 25 30|35 |4 |45
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Figure 1.-

Sweptback blades installed on dynamometer.
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Blade-form curves for the propellers tested.
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Figure 4.~ Hub prepared for tare tests.
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Figure 5,- Characteristics of set I at 960 rpm.
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Figure 6,- Characterlstics of set I at 1350 rpm,
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Figure 7.- Characteristics of set I at 1500 rpm.
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Figure 8.- Characteristics of set II at 260 rpm.
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